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ABSTRACT 

Oceanographic  observations  from  the  CGC  WESTWIND  in  the  Nares 
Strait  rejifion  during  AiiKUst  and  September  1970  are  presented.  Ob- 
served temperature-salinity  characteristics  are  discussed  in  relation  to  the 
interchange  of  water  between  the  Arctic  Ocean  and  Baffin  Bay  and  the 
formation  of  Baffin  Bay  Deep  Water.  An  average  northward  transport  of 
0.48  X  10"m.'  sec.  from  Smith  Sound  into  Kane  Basin  was  computed  and 
is  compared  with  previous  transport  calculations.  The  relationship  of  tidal 
and  wind  conditions  to  the  volume  transport  is  also  discussed. 


Editor's  note:  Reference  to  a  product  or  comment  with  respect  to  it  in  this  publi- 
cation does  not  indicate,  or  permit  any  person  to  hold  out  by  republication  in  whole  or 
in  part  or  othenvise,  that  the  product  has  been  endorsed,  authorized,  or  approved  by 
the  Coast  Guard. 
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INTRODUCTION 

Nares  Strait  is  the  system  of  channels  and 
basins  between  Eliesmere  Island  and  Northwest 
Greenland,  connecting  Baffin  Bay  with  the 
Lincoln  Sea  and  Arctic  Ocean  (fig.  1 ) .  It  in- 
cludes (from  south  to  north)  Smith  Sound, 
Kane  Basin,  Kennedy  Channel,  Hall  Basin,  and 
Robeson  Channel.  Since  1950,  several  Cana- 
dian oceanograpliers  (Bailey,  1957;  Collin, 
1965;  and  Dunbar,  1951)  have  reported  on 
cruises  into  Nares  Strait  to  present  their  data 
and  compare  the  I'esults  with  the  classical  ex- 
peditions of  the  Danish  GODTHAAB  and  CGC 
MARION  in  1928. 

Coast  Guard  vessels  have  also  conducted 
sevex'al  surveys  into  Northern  Baffin  Bay  and 
Nares  Strait  to  investigate  the  flow  of  Arctic 
Water  through  this  channel.  The  results  of  sur- 
veys by  CGC  EVERGREEN  and  CGC  EDISTO 
in  1963  and  1966  respectively  have  been  re- 
ported by  Franceschetti  et  al.  (1964)  and  Pal- 
frey and  Day  (1968).  During  August  and  Sep- 
tember 1968,  1969,  and  1970,  the  CGC  WEST- 
WIND  conducted  oceanogra]ihic  surveys  in 
northern  Baffin  Bay  under  the  auspices  of  the 
Baffin  Bay-North  Water  Project,   coordinated 


by  the  Arctic  Institute  of  North  America  and 
including  groups  from  the  University  of  Wash- 
ington, U.S.  Coast  Guard,  McGill  University 
and  Dartmouth  College  (Muench,  1971b).  CGC 
EASTWIND  and  CGC  SOUTHWIND  com- 
pleted oceanographic  surveys  in  Kane  Basin  in 
September  1968  and  1969  respectively  with 
field  parties  from  the  Coast  Guard  Oceano- 
graphic Unit  and  Naval  Oceanographic  Office 
onboard  (Moynihan,  in  press). 

During  August  and  September  1970,  CGC 
WESTWIND  conducted  an  oceanographic  sur- 
vey from  Inglefield  Bay  on  the  western  coast 
of  Greenland,  through  the  Smith  Sound-Kane 
Basin  region  and  into  Kennedy  Channel,  Hall 
Basin,  and  Robeson  Channel  (figs.  2  and  3). 
This  survey  was  a  combination  of  two  projects 
at  the  Coast  Guard  Oceanographic  Unit:  first, 
a  continuation  of  an  investigation  of  the  ice- 
berg producing  glaciers  on  the  western  coast 
of  Greenland  and  second,  a  continuation  of  the 
1968  and  1969  surveys  in  the  Nares  Strait  re- 
gion to  investigate  the  interchange  of  water 
between  the  Arctic  Ocean  and  Baffin  Bay. 


'Coast    Guard    Oceanographic    Unit.    Building    159-E.    Navy    Yard 
Annex.  WashinKton.   D.C.  203:iO. 


DATA   ACOnSITION   AND  PROCESSING 


Temperature  data  and  water  samples  were 
collected  by  Nansen  casts.  The  water  samples 
were  analyzed  on  board  with  inductive  salinom- 
eters.  The  conductivity  values  obtained  were 
converted  to  salinity  by  use  of  the  International 
Occauoi/raphir  Tables  published  jointly  by 
UNESCO  and  the  National  Institute  of  Ocean- 
ography of  Great  Britain   (1966).  Water  sam- 


ples were  also  collected  and  frozen  for  later 
determination  of  inorganic  phosphate,  nitrate, 
nitrite,  and  silicate  at  the  Coast  Guard  Ocean- 
ographic Unit  using  the  techniques  described 
by  Strickland  and  Parsons  (1968). 

The  temperature  data  were  processed  at  the 
Coast  Guard  Oceanographic  Unit  following  the 
jirocedures  specified  in  the  U.S.  Naval  Ocean- 


ographic  Office  Publication  No.  607  (1968). 
Paired  protected  thermometers  were  used  on 
each  bottle  with  unprotected  reversing  thermom- 
eters added  on  the  deeper  bottles.  Sampling 
depths  were  determined  from  L-Z  curves  based 
on  thermometric  depth  and  wire  angle.  All  cal- 
culations were  performed  on  a  PDP-5  digital 
computer  utilizing  programs  described  by 
O'Hagan  (1964).  \'olume  transports  were  com- 
puted using  the  method  of  subdividing  each 
oceanographic  section  into  solenoids  for  com- 
putations as  described  by  Kollmeyer  (1967). 

Data  were  also  obtained  on  10  stations  using 
a  Bissett-Berman  Mode!  9060  self-contained 
salinity-temperature-depth  (STD)  recorder. 
The  STD  data  were  quality  controlled  l)y  com- 
parison with  temperatures  and  salinities  ob- 
tained from  deep-sea  reversing  thermometers 
and  water  samples  collected  at  the  surface  and 
just  above  the  STD  at  the  bottom  of  the  cast. 
An  average  quality  control  correction  for  the 
STD  stations  was  determined  from  the  differ- 
ences between  the  STD  data  and  the  associated 
quality  control  samjiles  and  was  applied  to  the 
raw  data  from  the  recorder. 

The  data  presented  in  the  Tables  of  Ocean- 


ographic Data  (app.  A)  are  reproduced  from 
computer  listings  from  the  National  Ocean- 
ographic Data  Center  (NODC  Cruise  Numbers 
:51-8184  and  31-1705).  Anomalies  of  dynamic 
height  in  the  listings  were  computed  by  NODC, 
but  all  discussion  of  dynamic  heights  in  this 
text  is  based  on  computations  made  at  the 
Coast  Guard  Oceanographic  Unit.  Dynamic 
heights  in  water  shallower  than  the  reference 
level  were  computed  in  a  manner  similar  to 
that  of  Helland-Hansen  (1934),  as  described 
in  detail  by  Kollmeyer  (1967). 

The  survey  and  glaciological  data  from  27 
glaciers  will  he  published  in  a  separate  Coast 
Guard  publication  after  the  analysis  is  com- 
pleted. Glacier  fronLs  were  charted,  and  bench- 
marks were  established  at  survey  stations 
wherever  possible  for  reference  during  future 
surveys.  Records  were  kept  on  ice  movement 
and  calving  and  on  iceberg  distribution  ai'ound 
the  glaciers  and  in  the  fjords  and  bays.  Photo- 
grai)hic  overflights  of  the  major  glacier  fronts 
were  conducted  by  a  Coast  Guard  HC-130  air- 
craft equi]iped  with  a  T-11  aerial  camera. 
Ship's  helicopters  were  used  to  obtain  oblique 
and  vertical  photographs  of  all  glacier  fronts. 


DISCUSSION 


The  interchange  of  water  between  the  Arctic 
Ocean  and  Baffin  Bay  takes  place  through 
Nares  Strait,  Jones  Sound,  and  Lancaster 
Sound  (fig.  1),  but  this  flow  is  re.stricted  due 
to  limiting  sill  depths  of  250,  175,  and  180 
meters  respectively  (Bailey,  1956).  Nares 
Strait  is  the  deepest  and  most  direct  path  for 
this  interchange  and  is  of  major  importance 
in  determining  the  water  and  heat  budgets  of 
the  Aictic  Ocean  and  Baffin  Bay.  The  general 
bathymetiy  of  Nares  Strait  consists  of  a  nar- 
row, deep  channel  running  along  the  western 
.side  of  the  strait  with  a  sill  at  250  meters  in 
central  Kane  Basin  (fig.  4). 

Previous  investigators  of  the  eastern  Arctic 
have  noted  that  waters  at  about  250  meters 
have  characteristics  (-0.3"  C,  34.4%,,)  similar 
to  deep  water  found  in  Baffin  Bay  and  have 
hypothesized  that  this  water  flows  over  the 
sill  in  Kane  Basin  and  sinks  to  the  bottom  in 
Baffin  Bay.  Bailey  (1957)  and  Collin  (1965) 
concluded  that  this  is  not  a  continuous  process 


but  probably  takes  place  as  an  intermittent 
pulsing.  Muench  (1971a)  suggests  that  this 
method  is  less  common  than  previously  indi- 
cated, and  he  upholds  the  theory  of  Sverdrup, 
Johnson,  and  Fleming  (1942)  that  Baffin  Bay 
Deep  Water  is  formed  by  a  mixture  of  Labra- 
dor Sea  Deep  Water  and  Baffin  Bay  Surface 
Water  whose  salinity  had  been  increased  suffi- 
ciently by  freezing  to  cause  the  water  to  sink. 
Examination  of  the  water  characteristics 
observed  in  Nares  Strait  in  1970  (figs.  17  and 
18)  shows  water  with  the  proper  temperature- 
salinity  relationship  (<-0.3-  C,  >34.4"„„)  at 
200  meters  at  station  20  over  the  sill  in  Kane 
Basin  and  at  300  meters  at  station  19  just 
south  of  the  sill.  However,  water  of  proper 
salinity  for  deep  water  formation  was  not  pres- 
ent in  the  passage  between  Kane  Basin  and 
Smith  Sound.  The  distribution  of  salinity  and 
density  through  Nares  Strait  (figs.  18  and  19) 
suggests  the  presence  of  an  isopycnal  wave  of 
denser    water    overflowing    the    sill    in    Kane 


Basin.  Collin  (1965)  and  Palfrey  and  Day 
(1968)  intei'preted  similar  density  distribu- 
tions as  supporting:  a  pulsing  flow  of  high  sa- 
linity Arctic  Water  into  Smith  Sound. 

High  salinity  water  of  Atlantic  origin  (>0° 
C,  >31.7%,i)  was  found  below  300  meters  in 
Hall  Basin  (figs.  17  and  18).  This  Arctic  Inter- 
mediate Water  is  also  eff"ectively  blocked  from 
flowing  southward  into  Baffin  Bay  by  the  shal- 
low sill  at  2r)0  meters  in  Kane  Basin. 

Cold  watei-  of  polar  origin  (<0°  C, 
<34.0''|)„)  was  found  in  the  upper  200  meters 
throughout  Nares  Strait  (figs.  17  and  18).  This 
water  makes  up  the  major  drift  southward  into 
Baffin  Bay.  Water  having  a  temperature  less 
than  - 1.50  ■  C.  was  present  to  a  depth  of  75 
meters  in  Hall  Basin  and  to  between  25  and  50 
meters  further  .south  in  Kane  Basin. 

A  section  across  the  southern  end  of  Nares 
Strait  was  occupied  three  times  in  rapid  suc- 
cession from  3-5  September  1970  in  an  at- 
tempt to  monitor  the  volume  trans]iort  between 
Kane  Basin  and  Smith  Sound  (fig.  2).  Each 
occupation  consisted  of  6  stations,  and  the  three 
occupations  were  completed  in  ai^proximately 
38  hours.  The  reference  level  for  geosti'ophic 
calculations  was  selected  based  upon  the 
deepest  usable  set  of  observations  on  each  oc- 
cupation. The  I'esults  of  the  volume  transport 
calculations  are  presented  in  table  I. 

Table  I.  Volume  Transport  From  Smith  Sound  into 
Kane  Basin. 

Mean  Temp.  Net   Transport 
Stations  Date  (°  C.)  (xlO"m.Vsec.) 

Ito    G 3-4  Sep  1970              -0.73  10.574 

7  to  12 4  Sep  1970              -.93  2.319 

13  to  18 4-5  Sep  1970              -  .76  .558 

Average —   .81  .484 

*  Reference  level  .lOO  decibars. 
-Reference  level  300  decibars. 

An  average  northeasterly  transport  of  0.48 
xlO'TO.Vsec.  between  Smith  Sound  and  Kane 
Basin  was  computed  from  the  September  1970 
observations.  This  average  transport  is  biased 
due  to  the  shallower  sampling  on  the  second 
occupation  of  the  section  that  necessitated  a 
shallower  reference  level  for  those  calculations. 
Moynihan  (in  press)  computed  an  average 
southward  transport  of  0.42  xlO''m.'/.sec. 
through  this  same  section  in  July  1969. 

These  values  agree  with  the  results  of  the 
previous     investigatoi's     in     this     region     and 


further  substantiate  the  variability  of  the  flow 
through  Nares  Strait.  Collin  (1965)  cited  Kiile- 
rick's  calculations  of  a  0.42  xlO'm.V- .sec.  south- 
ward flow  in  August  1928  as  the  earliest  esti- 
mate of  the  exchange  through  Kane  Basin. 
Bailey  (1956)  found  an  average  northward 
transport  of  0.42  xlO'm.'  .sec.  based  on  four 
sections  in  Smith  Sound  during  August  1954 
and  Collin  (1965)  estimated  an  avei'age  south- 
ward transport  of  0.21  xlO"m.  sec.  ba.sed  on 
five  September  sections  from  1962,  1963,  and 
1964. 

The  variability  of  these  geostrophic  flow  cal- 
culations indicates  that  the  exchange  of  water 
between  Kane  Rasiii  and  Smith  Sound  is  af- 
fected by  fi'ictional  eff"ects  of  the  wind  and 
bottom  and  the  eff"ect  of  tidal  oscillations,  as 
well  as  by  uncertainties  of  the  geostrophic 
method  in  shallow  water. 

To  examine  the  tidal  efi'ect  on  flow  from 
Kane  Basin  into  Smith  Sound,  profiles  of  sea 
surface  dynamic  height  from  CGC  WEST- 
WIND  stations  1  through  18  were  compared 
with  the  times  and  heights  of  high  and  low 
water  at  the  Port  Foulke  (78 '18'N.,  72  45'W.) 
tide  .station  (fig.  23).  The  Oceavofjraphic  Atlas 
of  the  Polar  Seas,  Part  II  (U.S.  Naval  hydro- 
graphic  Office,  1958)  shows  cotidal  lines  pro- 
gressing from  Baffin  Bay  northward  into  Kane 
Basin  indicating  a  northward  tidal  current  on 
the  rising  tide.  Although  each  occupation  of 
the  section  between  Kane  Basin  and  Smith 
Sound  occurred  on  a  falling  tide,  a  north- 
easterly geostrophic  flow  was  calculated,  sug- 
gesting either  a  lagging  effect  between  the 
tidal  pha.se  and  geostrophic  flow  or  a  reduced 
northeasterly  flow  due  to  the  tidal  current. 
Collin  (19(i5)  noted  that  ship  drift  records  in 
1962  indicated  that  in  the  center  of  the  passage 
there  was  a  southwesterly  set  of  0.5  to  2.0 
knots  during  the  falling  tide  and  an  equally 
strong  northeasterly  set  with  a  rising  tide. 

Day  (1968)  reported  that  direct  current 
measurements  near  78  27'N.  in  Smith  Sound 
in  1963  indicate  a  circulation  dominated  by 
semidiurnal  tides  with  a  net  transi)ort  to  the 
south.  Muench  (1971a)  reported  that  current 
measurements  from  a  fixed  ice  camp  in  Kane 
Basin  indicate  a  general  southward  flow  with 
occasional  flow  reversals  coinciding  with  the 
diurnal  tidal  currents. 

A    progressive    wind    vector    diagram    (fig. 


24),  drawn  from  the  surface  wind  observations 
of  CGC  WESTWIND  at  stations  1  throuRh  18, 
was  examined  to  study  the  effect  of  surface 
wind  on  the  flow  from  Kane  Basin  into  Smith 
Sound.  A  relatively  steady  wind  (mean  10.0 
kts.  from  055-  T.)  with  velocities  varying  from 
4  to  15  knots  was  observed.  This  would  induce 
a  surface  current  transport  to  the  southwest 
and  would  reduce  the  northeasterlv  flow  into 


Kane  Basin.  However,  based  on  all  information 
available,  it  is  felt  that  permanent  and  tidal 
current  effects  would  predominate,  particularly 
when  the  winds  were  at  such  a  low  velocity. 
The  results  of  these  observations  indicate 
that  year-round  direct  current,  tidal  and  mete- 
orological measurements  are  required  to  com- 
pletely describe  the  total  water  circulation  in 
this  Nares  Strait  region. 
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Figure  4.  Bottom  topogrraphy  of  Nares  Strait. 
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Figure  5.  Vertical  distribution  of  temperature  (°  C).  CGC  WESTWIND  stations  1  through  6,  3-4  September 

1970. 
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Figure  6.  Vertical  distribution  of  salinity  ("(h)).  CGC  WESTWIND  stations  1  through  6,  3-4  September  1970. 
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Figure  7.  Vertical  distribution  of  density  (o,).  CGC  WEST  WIND  stations  1  through  6,  3-4  September  1970. 
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1970. 
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Figure  9.  Vertical  distribution  of  salinity  (»6o).  CGC  WESTWIND  stations   7   through   12,  4   September  1970. 
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Figure  10.  Vertical  distribution  of  density  (<t,).  CGC  WESTWIND  stations  7  through   12,  4  September  1970. 
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Figure    11.    Vertical    distribution    of    temperature    ("    C.) .    CGC    WESTWIND    stations    13    through    18,   4-5 

September  1970. 
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Figure  12.  Vertical  distribution  of  salinity  ('!6o).  CGC  WESTWIND  stations   Vi   through   18,  4-5   September 

1970. 
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Figure  13.  Vertical  distribution  of  density  (a,)-  CGC  WESTWIND  stations  13  through  18,  4-5  September  1970. 
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Figure    14.    Vertical    distribution    of    temperature    (°    C).    CGC    WESTWIND    stations   22    through   25,   5-6 

September  1970. 
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Figure  15.  Vertical  distribution  of  salinity  ("60).  CGC  WESTWIND   stations  22  through  25,  5-6  September 

1970. 
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Figure  16.  Vertical  distribution  of  density   (a,).  CGC  WESTWIND  stations  22  through  25,  5-6  September  1970. 
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Figure  20 


Vertical  distribution  of  temperature  (°  C.)-  CGC  WESTWIND  stations  9  through  13,  19-20  August 

1970. 
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Figure  21.  Vertical   distribution  of  salinity    (%o).   CGC    WESTWIND    stations    9    through    13,    19-20    August 

1970. 
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Figure  22.  Vertical  distribution  of  density  (o,)  CGC  WESTWIND  stations  9  through  13,  19-20  August  1970. 
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Figure  24.   Progressive  vector  diagram  of  surface  wind  velocity  at  CGC  WESTWIND  sUtions  1  through  18, 

3-5  September  1970. 


28 


APPENDIX  A 
OCEANOGRAPHIC  DATA 

CRUISES  LISTED 

Table  PaBe 

I.— CGC  WESTWIND,  August  1970 31 

II.— CGC  WESTWIND,  September  1970 46 

CODES  UTILIZED 

A  complete  description  of  the  codes  utilized  in  the  tabulation  of  oceanographic  station  data  can  be  found  in 
National  Oceanographic  Data  Center  publication  M-2,  Processing  Physical  and  Chemical  Data  from  Oceano- 
graphic Stations.   (Rev.  August  1964,  supplement  issued  May  1966.) 

To  facilitate  use  of  the  oceanographic  station  data  listing,  entry  headings  which  are  not  self-explanatory  are 
described  below. 

Depth  to  Bottom Corrected  or  uncorrected  sounding  in  meters. 

Max.  Depth  of  Samples Depth  of  deepest  sample  in  hundreds  of  meters  to  nearest  hundred-meter  interval. 

(if  2  digit  code)  For  internal  use  only, 

or 
DNP  (if  I  digit  code) 
Wave  observations: 

DIR    Rounded  to  nearest  multiple  of  10  degrees. 

HGT     Increments  of   V2   m.  Sum  of  5  meters  plus  increments  of   Vis   m  if  50  is  added  to 

direction. 

PER     If  numerals  2  through  9  are  entered,  period  in  seconds  is  twice  the  numeric  entry  of 

2X    (numeric  entry)    -Hi.  For  other  entries  see  WMO  Code  3155. 

SEA Sea  state  according  to  WMO  Code  3700. 

Weather  Code    If    preceded   by   X,   weather   according  to   WMO    Code   4501.    If   a   two-digit   entry, 

weather  according  to  WMO  Code  4677. 

Cloud  Code: 

Type     Cloud  type  according  to  WMO  Code  0500. 

Amount Cloud  amount  in  eighths.  Entry  of  the  numeral  9  indicates  cloud  amount  could  not 

be  estimated. 

Water: 

Color  Code Color  according  to  Forel-Ule  scale. 

Trans.    Transparency  in  whole  meters  as  determined  by  Secchi  disc. 

Wind: 

Dir.    Rounded  to  nearest  multiple  of  10  degrees. 

Speed  or  Force    If   preceded  by  letter  S,  wind  speed  in  knots;   if  preceded  by  letter  F,  wind  force 

according  to  Beaufort  scale. 

Barometer    Barometric  pressure  given  in  tens,  units,  and  tenths  of  millibars. 

.\ir  Temp.  °   C. Air  temperature  to  tenths  of  a  degree  Celsius. 

Vis.   Code  Visibility  according  to  WMO  Code  4300. 

No.  obs.  depths Number  of  observed  levels  associated  with  the  station. 
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Messenger  time Entered  in  hours  and  tenths  of  an  hour  GMT.  For  Nansen  casts,  indicates  time  of 

release  of  messenger  applicable  to  the  observational  level.  For  STD  casts,  indicates 
the  starting  time  of  lowering  the  sensor. 

Card  type OBS  designates  observed  levels.  STD  indicates  the  values  at  this  standard  level  were 

interpolated  by  a  modified  3-point  LaGrange  formula. 

Depth  (m.) Depth  to  nearest  meter.  A  postscript  T  indicates  depth  was  obtained  thermometri- 

cally;  Z  indicates  uncorrected  "wire  out"  depth.  Postscript  Q  indicates  value  was 
marked  doubtful  by  originator;  P  indicates  value  was  considered  doubtful  by 
NODC.  Postscripts  P  and  Q  retain  this  meaning  throughout  the  following  entries. 

T  °   C. Temperature  to  hundredths  of  a  degree  Celsius. 

S  %o Salinity  in  parts-per-thousand. 

SIGMA-T Entered  to  hundredths. 

Specific-volume    Multiply  entry  by   10-'   to  obtain  specific-volume  anomaly  in  cubic  centimeters  per 

gram. 

2; AD  Dyn.  M.   X   10' Multiply   entry   by    10-^    to   obtain    anomaly   of   dynamic   depth    in   dynamic   meters 

referenced  to  the  sea  surface. 

Sound  Velocity    Sound  velocity  according  to  Wilson's  formula  to  tenths  of  a  meter  per  second. 

0,_,  ml./l. Dissolved  oxygen  in  milliliters  per  liter  entered  to  hundredths. 

PO^-P  /ig-at/I. Inorganic  phosphate  in  microgrram-atoms  per  liter  entered  to  hundredths. 

Total-P  /ig-at/1. Total  phosphorus  in  microgram-atoms  per  liter  entered  to  hundredths. 

NO2-N   ^g-at/1.    Nitrite-nitrogen  in  microgram-atoms  per  liter  entered  to  hundredths. 

N0.1-N  /ig-at/1.   Nitrate-nitrogen  in  microgram-atoms  per  liter  entered  to  tenths. 

SiO^-Si  ^g-at/1. Silicate-silicon  in  microgrram-atoms  per  liter  entered  to  whole  units. 

pH    Entered  to  hundredths. 
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Table    I. — Observed    and    interpolated    oceanographic    data   from   stations  occupied   by  USCGC   WESTWIND, 
16-24   August   1970,  prepared  from  NODC   Listing  No.  31-8184. 
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Table   II. — Observed   and    interpolated   oceanographic   data   from   stations  occupied   by   USCGC   WESTWIND, 
3-9   Sepember   1970,  prepared  from   NODC   Listing  No.   31-1705. 
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